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(54) Abstract Title 

Exhaust treatment device with varying cell density 



(57) An exhaust treatment device 10 for an automobile (eg: for i.c.e.) includes an active section 18 with a 
substrate 20 having a varying cell density. The densities of the cells is greatest at the axis of the substrate, and 
least at its periphery. This arrangement promotes even flow distribution through the substrate. Typically the 
centre portion (20A, Figures 2 and 3) has 600 cells per square inch (cpsi), an intermediate portion (20B, Figure 
2 and 3) has 400 cpsi, and the outer portion (20C, Figure 2 and 3) has 200 cpsi. The substrate is typically an 
extruded ceramic monolith honeycomb, with a catalyst washcoat. The device may function as a catalytic 
converter, NO x trap or thermal reactor. 
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FIG. 4 
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(PRIOR ART) 

FIG. 6 
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FIG.7 
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AUTOMOTIVE EXHAUST TREATMENT DEVICE 
WITH VARYING CELL DENSITY 

The present invention relates to the treatment of 
automotive exhaust to remove various regulated emission 
components . 

As automotive exhaust emission control regulations have 
become increasingly more stringent, manufacturers of 
vehicles have sought to improve the efficiency of exhaust 
emission control converters. As used herein, the term 
"converter" refers to either a conventional oxidizing 
catalyst (COC) , a three-way catalyst (TWO, a NOx trap, a 
thermal reactor, or other types of devices having generally 
axial flowpaths established by either an extruded ceramic 
15 monolith or other type of construction. 

The inventors of the present invention have determined 
that the flow characteristics through conventionally 
constructed ceramic monoliths do not promote efficient 
operation of a catalyst because of the flow maldistribution 
which occurs in many converters. For example, in the prior 
art converter illustrated in Figure 5, which has uniform 
cell density, shown at Figure 4, of about 400 cells per 
square inch, flow maldistribution develops as illustrated in 
Figures 6 and 7 . Figure 6, illustrating a side view of the 
converter of Figure 5, shows that the predominant flow is at 
the lower part of the substrate; Figure 7 shows that the 
predominant flow is further confined to the substrate's 
outer edges with only a small amount of flow passing through 
the central portion of the substrate. As a result, a large 
proportion of the substrate is underutilized. The flow 
illustrated in Figures 6 and 7 results in part from the 90° 
bend encountered by the gases while entering the converter 
of Figure 5. 

In the event that the converter has a straight flow 
entry system, as shown in Figures 8 and 9, the results are 
similar. The highest flow velocities are at the center and 
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fall off to the sides. Thus, there is once again a 
maldistribution of flow through the converter. 

A converter constructed according to the present 
invention solves the foregoing problems by promoting a more 
uniform exposure of the catalytic material to the exhaust 
flew so as to increase conversion efficiency while allowing 
the exhaust system back pressure to be decreased, thereby 
promoting better vehicle performance. 

According to the present invention there rs provided an 
exhaust treatment device for an automotive vehicle, 
comprising: an inlet pipe and diffusar section for 
conducting exhaust gas from an engine to an 
of the treatment device; an exit section for conducting 
treated exhaust gas from the active section of the treatment 
device to the downstream portion of an exhaust system, and 
.„ active section comprising a substrate having an active 
wasncoat deposited thereon, with ^ V^^lTatus ' 
Plurality of parallel flow paths 

::isit s /r !:::*%::;; j d - -war density. 

The first and second groups of cells are arranged 
within the substrate such that the first grout , of «^ 
having a higher density is subjected to exhaust gas flowing 

t relatively higher velocity, and a second group of cells 
having a lower density is subjected to exhaust gas having a 

rplativelv lower velocity. 

The exhaust treatment device may further comprise an 



V 

0 invariant cell density 



It is an advantage of the present invention that 
exhaust treatment device constructed according to this 
invention will orovide superior treatment capability because 
If the matching of exhaust flow rates to cell density wnile 
allowing lower exhaust system back pressure. 

t is another advantage of the present invention that 
an exhaust converter constructed according to the present 
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invention may be packaged in a smaller volume container 
because of increased efficiency. 

It is yet another advantage of the present invention 
that the device constructed according to the present 
5 invention may be built with less precious metal loading at a 
lower cost- 

The invention will now be described, by way of example, 
with reference to the accompanying drawings, in which: 
10 Figure 1 illustrates an exhaust treatment device 

according to the present invention; 

Figure 2 illustrates a cell-variant monolithic 
substrate according to one aspect of the present 
invention; 

15 Figure 3 illustrates a second cell-variant monolithic 

substrate according to the present invention; 

Figure 4 illustrates a cell-invariant monolithic 
substrate according to the prior art; 

Figure 5 illustrates a prior art exhaust treatment 
20 device having a cell-invariant first active section; 

Figures 6 and 7 illustrate flow patterns with the prior 
art device of Figure 5; 

Figures 8 and 9 illustrate flow patterns through a 
prior art device similar to Figure 5, but having a 
25 straight inlet as opposed to a curved inlet; and 

Figures 10 and 11 illustrate flow through a converter 
constructed according to Figure 1. 

As shown in Figure 1, an exhaust treatment device 
30 according to the present invention has an inlet pipe 12 

followed by a dif fuser 14. After flowing through dif fuser 
14, exhaust gas passes through cell-variant substrate 20 
having a chemically active washcoat deposited thereon. 
Substrate 20 is illustrated as having three groups of cells 
35 with varying densities. As shown more particularly in 

Figure 2, a first group having a highest density is located 
near the center of substrate 22. This group, which is 



BNSDOCID: <GB 2342055A_I_> 



labeled 20A, has a density of about 600 cells per square 
inch (93 cells per square cm) . Immediately surrounding the 
group at 600 cells per square inch is group 20B, having a 
density of about 400 cells per square inch (62 cells per 
square cm). Finally, group 20C, comprising the balance of 
substrate 20, has a density of about 200 cells per square 
inch (31 cells per square cm) . 

Substrate 20 is followed by substrate 22, which has an 
invariant cell construction. It has been determined that 
flow through first substrate 20 straightens out and evens 
the flow sufficiently so that a cell-variant construction xs 
not needed for substrate 22. 

The effect of the cell variant construction of 
substrate 20 is illustrated in Figures 10 and 11. As seen 
from these figures, the resulting flow is much more 
™<«^nt across the substrate than with the flows of the 
prior art substrates shown in Figures 6 and 7. Intnxs 
manner, the exhaust treatment capability is improved because 
the flow through various portions of the catalyst is more 
consistent. Moreover, exhaust system back pressure may be 
reduced by allowing the density to decrease to a point at 
which acceptable conversion is achieved, albeit at lower 

flow restriction. 

Figure 3 illustrates an example of a cell-variant 
substrate according to the present invention for use with an 
exhaust treatment device not having a 90- inlet bend 
illustrated in Figure 1. It is noted that the zones of 600, 
400, and 200 cells per square inch are centered much more 
about the geometric center of substrate 24. 
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CLAIMS 



1. An exhaust treatment device for an automotive 

vehicle, comprising: 
5 an inlet pioe (12) and diffuser section (14) for 

conducting exhaust gas from an engine to an active section 
of the treatment device; 

an exit section (16) for conducting treated exhaust gas 
from the active section of the treatment device to the 
10 downstream portion of an exhaust system; and 

an active section (18) comprising a substrate (20) 
having an active washcoat deposited thereon, with said 
substrate having a plurality of parallel flow paths, with 
said flow paths comprising at least a first group of cells 
15 (20A) having a higher density and a second group of cells 

(20B) having a lower density. 

2. An exhaust treatment device according to Claim 1, 
wherein said exhaust treatment device comprises a catalytic 

20 converter. 

3. An exhaust treatment device according to Claim 1, 
wherein said exhaust treatment device comprises a thermal 
reactor . 
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4. An exhaust treatment device according to Claim 1, 
wherein said exhaust treatment device comprises an NOx 
trap. 

5 An exhaust treatment device according to Claim 1, 
wherein said first and second groups of cells are arranged 
within the substrate such that the first group of cells, 
having a higher density, is subjected to exhaust gas flowing 
at a relatively higher velocity, and said second group of 
cells, having a lower density, is subjected to exhaust gas 
having a relatively lower velocity. 
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6 An exhaust treatment device according to Claim 1, 
wherein the substrate is configured as a cylinder having a 
generally circular cross section, with higher density cells 
being located about a central axis of the substrate and 
5 lower density cells being located about the periphery of the 
substrate . 

7 An exhaust treatment device according to Claim 1, 
wh^ein the substrate is configured as a cylinder having a 
10 generally elliptical cross section, with higher °-sity 

cells being located about a central axis of the suost ate 
and lower density cells being located about the periphery of 
the substrate. 

15 8. An exhaust treatment device for an automotive 

vehicle, comer isinq : 

an inlet pipe and diffuser section for conducting 
exhaust gas from an engine to an active section of the 

treatment device; 

an exit section for conducting treated exhaust gas from 
the active section of the treatment device to the 
downstream portion of an exhaust system; and 

an active section comprising a substrate having a 
plurality of parallel flow paths, with said flow paths 
comprising a first group of cells having a densxty of at 
least 400 cells per square inch and a second group of 
cells having a density of about 200 cells per square inch, 
with said first group of cells being positioned to receive 
exhaust gas flowing at a higher velocity and said second 
30 group of cells being positioned to receive exhaust gas 

flowing at a lower velocity. 

9. An exhaust treatment device according to Claim 8, 
wherein said substrate comprises a ceramic monolith. 

35 
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10. An exhaust treatment device according to Claim 8, 
wherein said substrate comprises an extruded ceramic 
monolith. 

11. An exhaust treatment device for an automotive 

vehicle, comprising: 

an inlet pipe and diffuser section for conducting 
exhaust gas from an engine to an active section of the 

treatment device; 

an exit section for conducting treated exhaust gas from 
the active section of the treatment device to the 
downstream portion of an exhaust system; and 

an active section comprising a cell-variant substrate, 
with said substrate having a plurality of axially 
extending, parallel flow paths, with said flow paths 
comprising a first group of cells having a density of 
about 600 cells per square inch, a second group of cells 
having a density of about 400 cells per square inch, and a 
third group of cells having a density of about 200 cells 
per square inch, with said first group of cells being 
positioned to receive exhaust gas flowing at a hrgher 
velocity and said second and third groups of cells bexng 
positioned to receive exhaust gas flowing at progressively 
lower velocities. 

12. An exhaust treatment device according to Claim 11, 
wherein said active section further comprises a second 
substrate having a chemically active washcoat and an 
invariant cell density, with said second substrate bexng 
positioned downstream from said cell-variant substrate. 

13. An exhaust treatment device according to Claim 11, 
wherein said active section further comprises a chemically 
active washcoat applied to the substrate. 
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14. An exhaust treatment device for an automotive 
vehicle substantially as hereinbefore described with 
reference to the accompanying drawings. 
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